In this paper, we calculate the branching ratios and the direct CP-violating asymmetries for decaysB 0 → a 0 0 (980)π 0 , a
I. INTRODUCTION
The study about scalar meson is an interesting topic for both theory and experiment. In order to uncover their mysterious structure, intensive studies have been done for the B meson decays involving a scalar meson as one of the two final state mesons. Such kind of decays have been studied by employing various factorization approaches, such as the generalized factorization approach [1] , the QCD factorization (QCDF) approach [2, 3] , the perturbative QCD (pQCD) approach [4, 5, 6, 7, 8] , and by using the QCD sum rule [9, 10, 11] .
On the experimental side, from the first scalar meson f 0 (980) observed in the decay mode B → f 0 (980)K by Belle [12] , and confirmed by BaBar [13] later, then many channels involving a scalar in the final state have been measured by Belle [14, 15] and BaBar [16, 17] . For example, the decays B → a 0 (980)π were searched by BarBar five years ago [18] , especially the decay B − → a − 0 (980)π 0 , which has been considered as a best candidate to distinguish the nature of the scalar a 0 (980) [19] . The authors of Ref. [19] argued that if the branching ratio of this channel can be measured accurately by the experiment, one can separate the four-and two-quark assignments, because the results of these two assignments have a difference of one order of magnitude. So in the past three years, BarBar have given this channel twice measurements [20, 21] and get two almost identical upper limits. For our considered decays, only the experimental upper limits are available now for some of them [22] : 
In this paper, we will study the branching ratios and CP asymmetries ofB 0 → a (980)π − within perturbative QCD approach based on k T factorization. In the following, we use a 0 to denote a 0 (980) in some places for convenience. It is organized as follows. In Sect.II, the status of the study on the physical properties of a 0 , the relevant decay constants and light-cone distribution amplitudes are discussed. In Sec.III, we then analysis these decay channels using the pQCD approach. The numerical results and the discussions are given in the section IV. The conclusions are presented in the final part.
II. PHYSICAL PROPERTIES OF THE FINAL PARTICLES
Many scalar mesons below 2GeV have been found in experiments. We cann't accommodate these scalar mensons into one nonet, but need at least two nonets below and above 1 GeV [23] . Among them, the scalar mesons below 1 GeV, including f 0 (600)(σ), f 0 (980), K * 0 (800)(κ) and a 0 (980), are usually viewed to form an SU(3) nonet; while scalar mseons above 1 GeV, including f 0 (1370), f 0 (1500)/f 0 (1700), K * (1430) and a 0 (1450) form the other SU(3) nonet. There are several different scenarios to describe these mesons in the quark model [24, 25, 26, 27] . For example a 0 (980) meson, which has been suggested asqq lowest lying state [24] (called scenario I) or four-quark bound state [25] (called scenario II). In the scenario I, the former SU(3) nonet mesons are treated as theqq ground stats, and the latter nonet ones are the first excited states; in the scenario II, the former nonet mesons are viewed as four-quark bound states, while the latter nonet ones areqq ground states. Some people also consider that it is not made of one simple component but might have a more complex nature such as having a KK component [26, 27] , even the superpositions of the two-and four-quark states. In order to make quantitative predictions, we identify a 0 (980) as the two-quark state in the calculation.
In 2-quark model, the decay constants for scalar meson a 0 are defined by:
For the neutral scalar meson a 0 cannot be produced via the vector current (restricted by the charge conjugation invariance or the G parity conservation), the vector decay constant f a 0 = 0. As to the charged scalar mesons a − 0 , from the equation of motion:
its vector decay constant is proportional to the mass difference between the constituent u and d quarks. It is easy to see the vector decay constant is very small, and will equal to zero in the SU(3) limit. So we only need consider the scalar decay constantf a 0 , which is scale dependent. Fixing the scale at 1 GeV, the value isf a 0 = (365 ± 20)MeV, which is calculated in QCD sum rules [3] . The light-cone distribution amplitudes (LCDAs) for the scalar meson a 0 can be written as:
where n + and n − are light-like vectors: n + = (1, 0, 0 T ), n − = (0, 1, 0 T ), and n + is parallel with the moving direction of the scalar meson a 0 . The normalization can be related to the decay constants:
The twist-2 LCDA can be expanded in the Gegenbauer polynomials:
the values for Gegenbauer moments B 1 , B 3 have been calculated in [3] as:
These vaues are taken at µ = 1 GeV and the even Gegenbauer moments vanish.
As for the twist-3 distribution amplitudes Φ , they have not been studied in the literature, so we adopt the asymptotic form [8] :
III.
THE PERTURBATIVE QCD CALCULATION
Under the two-quark model for the scalar meson a 0 supposition, we would like to use pQCD approach to study B decays into a 0 and π. The decay amplitude can be conceptually written as the convolution,
where k i 's are momenta of light quarks included in each mesons, and Tr denotes the trace over Dirac and color indices. C(t) is the Wilson coefficient which results from the radiative corrections at short distance. In the above convolution, C(t) includes the harder dynamics at larger scale than M B scale and describes the evolution of local 4-Fermi operators from
describes the four quark operator and the spectator quark connected by a hard gluon whose q 2 is in the order ofΛM B , and includes the O( Λ M B ) hard dynamics. Therefore, this hard part H can be perturbatively calculated. The function Φ (π,a 0 ) are the wave functions of π and a 0 , respectively.
Since the b quark is rather heavy we consider the B meson at rest for simplicity. It is convenient to use light-cone coordinate (p + , p − , p T ) to describe the meson's momenta,
Using these coordinates the B meson and the two final state meson momenta can be written as
respectively. The meson masses have been neglected. Putting the anti-quark momenta in B, P and S mesons as k 1 , k 2 , and k 3 , respectively, we can choose
For these considered decay channels, the integration over k
where b i is the conjugate space coordinate of k iT , and t is the largest energy scale in function H(x i , b i , t). In order to smear the end-point singularity on x i , the jet function S t (x) [28] , which comes from the resummation of the double logarithms ln 2 x i , is used
where the parameter c = 0.4. The last term e −S(t) in Eq. (13) is the Sudakov form factor which suppresses the soft dynamics effectively [29] .
For the considered decays, the related weak effective Hamiltonian H ef f can be written as [30] 
with the Fermi constant G F = 1.16639 × 10 −5 GeV −2 , and the CKM matrix elements V. We specify below the operators in H ef f for b → d transition: eπ . In some other cases, we need to do Fierz transformation for the (V − A)(V + A) operators and get (S − P )(S + P ) ones which hold right flavor and color structure for factorization to work. The contribution from the operator (S − P )(S + P ) type is written as F P 2 eπ . Similarly, for the factorizable annihilation diagrams (g) and (h), the contributions from (V − A)(V − A), (V − A)(V + A), (S − P )(S + P ) currents are F aπ , F P 1 aπ and F P 2 aπ . For the nonfactorizable spectator diagrams (c, d) and the nonfactorizable annihilation diagrams (e, f), these three kinds of contributions can be written as M eπ , M
aπ , respectively. Since these amplitudes are similar to those B → f 0 (980)K(π, η (′) ) [6, 7] or B → a 0 (980)K [8] , we just need to replace some corresponding wave functions and parameters.
Combining the contributions from different diagrams, the total decay amplitudes for these decays can be written as: 
M(B
where
td . The combinations of the Wilson coefficients are defined as usual [31] :
IV. NUMERICAL RESULTS AND DISCUSSIONS
In the numerical calculation, we will use the input parameters as listed in Table I . In the B-rest frame, the decay rates of B → a 0 (980)π can be written as:
where r a 0 = m a 0 /m B and M is the total decay amplitude of B → a 0 (980)π, which has been given in section III. Using the wave functions as specified in previous section and the input parameters listed in Table I , it is straightforward to calculate the CP-averaged branching ratios for the considered decays, which are listed in Table II . In this table, we have included theoretical errors arising from the uncertainties in the scalar meson decay constantf a 0 and the Gengebauaer moments B 1 and B 3 for twist-2 LCDAs of a 0 (980).
From the numerical results, one can find that: Firstly, the branching ratio ofB 0 → a 0 0 π 0 is larger than that ofB 0 → f 0 (980)π 0 [7] , for the small uū and dd component in the f 0 (980), but much smaller than the branching ratio Br(B 0 → π 0 π 0 ) = (1.62±0.31)×10 −6 . Since the scalar meson a 0 (980) has vanishing decay constants in the isospin limit, the a − 0 π + rate is smaller than that of its conjugated channel. Secondly, the ratio of these two rates is about 1/2. If one includes the interference between these two decay modes, the branching ratio ofB 0 → a
. Thirdly, for the two charged decays, it is the same reason with the previous two neutral ones, and the a − 0 π 0 rate is much smaller than that of a 0 0 π − . Lastly, the 2-quark model supposition of a 0 (980) can not be ruled out by the current experimental data, and this point is different from the QCDF prediction [3] . Since only the upper limits for these channels are available now and the daughter branching fraction has been taken to be 100%, so the further accurate data are needed to clarify this discrepancy.
In Fig. 2 , we plot the branching ratios ofB 0 → a as can be seen easily in the numerical values in Table II , so it may be unreasonable to regard the decaysB 0 → a ∓ 0 π ± as the self-tagging decays in the experiment. Now we turn to the evaluations of the CP-violating asymmetries of
For the charged decay channels, the direct CP-violating asymmetry can be defined as:
For the neutral decaysB 0 → a 
with
where η = ±1 depends on the CP eigenvalue of f , ∆M is the mass difference of the two neutral B meson eigenstates.
As to the decaysB → a 
π − can be expressed by four basic matrix elements: Following the notation of Ref. [32, 33] , the four CP violating parameters are given by the following formulae:
where q/p = e −2iβ is defined via
with |p| 2 + |q| 2 = 1 and β being a CKM angle. From the Fig.3(b) , one can find the central values of the CP-violation parameters: a ǫ ′ = 0.31, a ǫ+ǫ ′ = 0.94, aǭ′ = 0.93, a ǫ+ǭ ′ = 0.32;
for α = 100
• . The direct CP asymmetries are shown in Fig.3(a) . The branching ratio of decay B − → a 0 0 π − is the largest one among the considered channels, while its direct CP asymmetry is the smallest, 14%. Although the CP asymmetries for the decaysB 0 → a . There must exist certain interference in these two neutral channels.
• Although the CP asymmetries ofB 0 → a • For our predictions agree well with the currently available experimental upper limits, the 2-quark model supposition for a 0 (980) can not be ruled out. This point of view is different from the conclusion obtained by using the QCDF approach.
